Abstract -Recycling of concrete and asphalt pavements has become the accepted approach to manage construction waste due to its economic and social benefits. Application of these products is mostly for road construction and low grade concrete due to the suitability of physical properties as an alternative product to replace the limited available quarry products. However, both the potential risk on human health and the environmental issues relating to use of recycled concrete aggregate (RCA) and reclaimed asphalt pavement (RAP) are a matter of concern. This paper provides a specific aspect of potential metals leaching in comparison with the ANZECC guidelines of water quality management. Also, this investigation comes up with a weak relationship between mineralogical compositions and leaching regime of metals, whereas availability of particle size distribution increases the ability of RCA and RAP to release metals.
I. INTRODUCTION
Re-use of construction wastes from demolished roadways and buildings is considered as an environmentally friendly solution. As classified by EU-Communities [1] (see Error! Reference source not found.). Among these seven, recycled concrete aggregates (RCA) and reclaimed asphalt pavements (RAP) are the most used in road construction and ground preparations [2] . The use of RCA and RAP has become common in the most parts of the world. In USA, approximately 70% production is used for road construction [3] , while in Japan around 96% of recycled concrete was used as sub-base of structural roads [4] . In Australia, the rate of recycling concrete and asphalt in construction industry was 96% and [5] . Fig.1 The classification of construction wastes [1] There are many reasons for the increasing popularity of RCA and RAP in construction industry. Firstly, it is the limited availability of natural aggregates due to restrictions in mining and harvesting. Thus, the prices of natural aggregates such as crushed rocks are significantly high, imposing difficulties to use virgin aggregates [6] . Secondly, recycled construction materials are commonly regarded as a sustainable waste management practice [7] . This should be viewed in the context that most concrete and asphalt waste are generally disposed to landfills. Such practice can lead to land shortages and an increasing toll of solving environmental pollution from landfills [8] . Moreover, most prior studies indicated that many physical characteristic of RCA and RAP such as particle shape, density and water absorption, abrasion resistance, compressive strength and modulus of elasticity are suitable for a subgrade layer in road construction and could be an alternative materials to replace natural aggregate [6, 9, 10] .
Besides the benefits of using RCA and RAP, many challenges are also highlighted including insufficient awareness, lack of suitable technologies and lack of control and guidelines [4] . Among those challenges, the environmental issues relating to use of RCA and RAP, in particular leaching of chemical pollutants, have been identified as the most critical. As noted by Sakanakura, et al. [7] , die-off of vegetation due to high-pH and high concentration of heavy metals associated to leachate from RCA are commonly reported. Furthermore, the release of organic compounds from RAP such as polycyclic aromatic hydrocarbons (PAHs) is also a potential consideration [11] . Leached pollutants from RCA and RAP may infiltrate through soil layers into groundwater and hence can increase the risk of health impacts via direct exposure or consumption in the form of drinking water [12] . The primary objective of the research study discussed in this paper is to identify potential heavy metals releasing from RCA and RAP and to determinate a maximum capacity of their leaching under extreme conditions. The research study outcomes are expected to develop a greater understanding of leaching regime in relation to characteristics of individual metals released and the availability of mineralogical compositions in RCA and RAP. The correlation between metals leached into water resources and their thresholds of water quality management was also evaluated as fundamental knowledge in order to provide general guidance for the use of RCA and RAP in practice.
II. MAT ERIALS AND MET HOD

A. The study site and samples collection
Samples of RCA and RAP were collected from production plant (see Fig.2 ) provided by a local authority and a producer of recycled materials. Concrete waste and asphalt pavement were classified and crushed in accordance with a wide range of aggregate sizes before being moved to construction of new roads.
Fig.2 Collection of samples at production plant
B. Laboratory analysis
The collected samples of RCA and RAP were divided into four portions to conduct the tests as listed in Table 1 . Grain sizes distribution of RCA and RAP were carried out using dry sieve analysis in order to determine typical grain size. Mineralogy was identified by X-ray diffraction (XRD). The purpose of this test is to determine mineralogical phases in RCA and RAP. Potential leaching test was conducted to determine the maximum amount of heavy metals that can be leached under extreme conditions. Concentration of metals in leachate was determined by application of inductively coupled plasma mass spectrometry (ICP-MS).
Quality control (QC) and Quality assurance (QA) is a compulsory program to ensure accurate data in laboratory process. Accordingly, laboratory reagent blank (LRB), laboratory fortified blank (LFB), laboratory reagent blank (LRB) were used to evaluate laboratory performance. In addition, calibrations and internal standardization must be also used in the analytical method of metals. Recovery of LFB and LRB are required to drop within 85-115%. Calibration standard used was the ICP Quality Control Standard #3 (100μg/mL in 5% HNO 3 ) provided by AccuStandard®.
T ABLE 1 PARAMET ERS AND T EST MET HODS
Parameters
Test method
Particle size distribution Particle size of soil test by sieving [13] Mineralogy X-ray diffraction [14] Potential leaching Leaching characteristic of building material [15] Metals ICP-MS, method 200.8 [16] III. RESULT S AND DISCUSSION
A. Particle size distribution
The difference in grain size distribution clearly affects the leaching regime. The concentrations of substances leaching from recycled construction materials with finer aggregates are larger than that with coarser aggregates [17] [18] [19] . Many standards of leaching tests such as AS-4439 [20] , BS-EN-12457 [21] and ASTM-D4874-95 [22] indicated that 4mm is a threshold of particle size in leaching test. In this study, RCA and RAP were carried out to separate particle sizes using dry sieving and the results presented in Fig.3 . Particle size less than 4mm for both RCA and RAP accounted for about 70%-80% of total grain sizes. Accordingly, the finer grains dominate particle size distribution of RCA and RAP and hence increasing ability of pollutants released. 
B. Mineralogy
The proportions of crystalline minerals in RCA and RAP were determined by using X-ray diffraction technique as weight percentages of the mineralogical component. Mineralogical variations of RCA and RAP are presented in Table 2& Error! Reference source not found.4. The primary minerals of RCA contain Quartz, Muscovite, Calcite, Albite-Ca and Microcline, whereas the minor mineral components include Mica, Albite -Na, Kaolin, Tremolite and Chamosite. Similarly, Quartz is a major mineral in RAP. The proportions of other minerals in RAP, however, are significant difference in comparison with these of RCA. This could be the result of different sources of rock. Particularly, there is no Muscovite in any samples of RAP as illustrated in Table 2 Quartz was the largest proportion in both RCA and RAP. This could be explained by a considerable amount of sand content that was derived from the establishment of original concrete and road surface [23] . Interestingly, Muscovite was only found in RCA due to such mineral is relation to the presence of brick and rock in construction waste. This could be an explanation for the absence of Muscovite in RAP.
C. Potential leaching of metals
Potential leaching test is to identify the maximum quantity of metals leaching from RCA and RAP under extreme conditions in the environment following the standard NEN-7341 [15] . Such conditions includes liquid to solid ratio =100 mL/g (L/S=100 mL/g), pH=4, grain size <4mm and contact time =48h. The collected leachate was tested to determine the concentration of metals in accordance with the method 200.8 [16] . The analytical results were presented in Fig.5 . Fig.5 shows concentrations of metals released from RCA and RAP. There is a significant difference from such concentrations so dendogram pattern was used to classify those metals as illustrated in 6 & Fig.7 . This method is a tree diagram used to illustrate clusters classified by hierarchy. Accordingly, the metals in RCA and RAP were categorized into three groups. Group 1 including only Ca predominates in total of metals in leachate; while group 2 contained metals have concentrations above 1%. The rest of metals accounted for less than 1% per an individual belonged to group 3.
Distribution of mineralogical compositions presented a weak relationship to metals released. The leaching of Ca is a typical illustration of that. While Ca predominated in releasing regime of both RCA and RAP, minerals connected to the element such as Calcite and Albite-Ca was minor. It could be hypothesized that some elements in stable chemical form are difficult to be dissolved [24] . As pointed out by Gunawardana, et al. [25] metal elements were hardly adsorbed onto surfaces of crystalline minerals due to their ordered structure. As a result, such metal elements were easily dissolved in soil water. Hence, it could be argued that mineralogical compositions do not significantly affect leaching mechanism of metals.
D. Sources of metals and potentially environmental concerns
The chemical composition of RCA and RAP inherits from original concrete and asphalt manufacturing process but also during operation. Consequently, potential pollutants leaching from RCA and RAP are related to chemical characteristics of used concrete and asphalt before recycling. In the case of RCA, metals and minerals can come from original cement, natural stones and concrete additives such as fly ash. Demolition, size reduction and storage may also result in the change of mineralogical phases leading to easier release under weather conditions [6] . In the case of RAP, metals could be absorbed into asphalt pavement from traffic activities. As noted by Nriagu [26] , the principal source of Pb in RAP was provided by vehicle emissions because of using leaded gasoline Also, many metals including Zn, Mn, Fe, Co, Ni and Cu adhered to road surfaces as a result of tyre wear, brake wear and the corrosion of steel barriers [27] [28] . Additionally, heavy metals are available in additives and coarse aggregate of asphalt such as adhesive and crushed stones [29] . Many prior investigations indicated that such metals in excess of the acceptance thresholds in any water resource could risk human health. As noted by Hu [30] , the absorption of Pb and Cd into human body due to exposure can result in hypertension and renal dysfunction respectively. Similarly, the ccumulation of Al in body is able to damage nervous system [31] , as well as the prolonged exposure to large amounts of Ni can cause allergies and skin diseases [32] . Likewise, an excessive intake of Fe, Cu and Zn may lead to vomiting and organs damage, although these metals are essential to assist the physical development [33] . Besides that, metals can be transported to agricultural soil leading to an increase concern due to the food safety issues and its negative impacts on s oil ecosystems [34] . In this context, the Australian guideline ANZECC was used due to the sustainable management of water quality and human health risk [35] . Accordingly, the threshold concentrations of metals in water using for recreational purposes such as swimming and drinking were used. Any leaching liquid from solid waste into the environment were also tested following a guideline of the industrial waste management [36] . Results are illustrated in table 3. Table 3 shows that all metals described in the standard & guideline leaching from RCA and RAP considerably exceeds the thresholds in recreational use. Indeed, concentration of Al and Fe is larger (about 1500 times) than their acceptance thresholds in water quality used for recreation. Particularly, the amount of Cd in leachate of RCA is approximately 70 times higher than its threshold in drinking water and nearly 30 times the recreational limit. Similarly, the Pb released from RAP into the environment is greater than thresholds of drinking and recreational purposes (about 500 times and 100 times respectively), even though the presence of Pb in leachate of RAP is significantly higher (above 10 times) by comparison with its maximum level in industrial waste. Hence, the leaching of metals from RCA and RAP become potentially issues concerning the environment and also risk to human health.
IV. CONCLUSION
This report undertaken provide an in-depth understanding of potential metals leaching from RCA and RAP into the environment. Based on the data analysis, it can be concluded that the existing particle size distribution of RCA and RAP with above 70% of finer grains can increase ability of leaching metals. By contrast, presence of numerous crystalline minerals is mostly independent with releasing regime of metals due to not only stable chemical forms but also their ordered structure.
Results of potential leaching test indicated that almost heavy metals exceed their thresholds in ANZECC guideline of water quality management. Particularly, the excessive concentrations of Cd and Pb have been raising concerns about the environmental problems and risk human health.
